9 to 11°C are considered mild, but annual precipitation ranges from a scant 250-500 mm a -1 in the interior, up to 2500 mm a -1 in coastal regions (Franklin and Dyrness, 1973) .
On most ownerships west of the Cascade Mountains during the last half of the twentieth century, commercial forestry included planting of 500-1000 trees per hectare, pre-commercial and commercial thinning, and clearcutting at an age of 40-60 years. Virgin and wild second-growth stands were replaced by predominantly even-aged Douglas-fir plantations.
East of the Cascades, pine forests were managed through removal of old trees of poor vigour and high-value trees, practices sometimes criticized as high-grading. Where clearcutting was practised, regeneration has been inconsistent because of vegetation competition and drought. Current conditions range from even-to mixedaged stands of pine or mixtures of ponderosa pine, western larch (Larix occidentalis Nutt.) and interior varieties of Douglas-fir (Pseudotsuga menziesii var. glauca (Beissn.) Franco), grand fir (Abies grandis Dougl. (Lindl)) and other species. The latter two species are prone to severe defoliation by insects. In general, low productivity precluded a high investment strategy on private ownerships, but planting was common in federal forests.
Changing forestry practice in the Pacific Northwest
During the last decade, forest practices have changed because of a variety of factors. Social pressures for conservative forest management strengthened during the 1960s-1990s, which resulted in strict national environmental laws (e.g. the Endangered Species Act) and changes in state forest practices regulations. In collaborative efforts, ecosystem researchers and resource managers have developed a new management paradigm of science-based ecosystem management (Franklin et al., 1997) . Ecosystem management principles include conservation of species and genetic diversity, along with modification of clearcut harvesting to include retaining up to 60 per cent of the original forest, keeping snags (standing dead trees) and dead wood on site, and applying a landscape perspective to planning of harvest operations. In addition, green certification (Fletcher, 1998) , and anti-clearcutting ballot initiatives have kept social pressure on forest managers to move away from shortrotation, even-aged management.
During the 1990s, new management plans for national and state lands were approved. On National Forests west of the Cascade divide, the plan designated over 2.8 million ha as latesuccessional reserves (using thinning to foster late successional conditions) and almost 1 million ha as riparian reserves (no cutting up to 140 m on either side of streams) and resulted in a 90 per cent drop in timber harvest (Thomas, 1997) . In the long term, harvest cutting in both reserve types will stop. Plans were also modified on state land; for example, a management plan for northwest Oregon calls for structure-based management, a strategy that develops structurally diverse forest stands over a 120-year rotation, but allows for a final clearcut harvest.
On industrial ownerships, intensive, highinvestment, short-rotation, even-aged methods are still used, but with significant modifications required by revisions of state regulations for private forests. In Oregon, during clearcutting, five living trees and five snags per hectare are left on site, usually grouped near streams. These structures are intended to retain diversity over time, especially for cavity-dependent species. Streams are buffered with 40 m no-cut strips. Clearcut size is restricted to 44 ha, but averages much less on non-industrial ownerships, where 10-20 ha is common. Adjacent areas cannot be clearcut until regeneration on the original clearcut reaches an appropriate density and sapling size. Some large companies also have their own landscape-level conservation plans. The net effect is a landscape of 10-44 ha clearcuts with no-cut stream buffers.
Why not use uneven-aged management?
Similar pressures in central Europe have resulted in a move toward uneven-aged, single tree selection management and the use of natural regeneration under terms such as 'close to nature' or 'fully functional' forestry. The clear objective is to create a particular forest structure, and to maintain it with systematic and repeated harvest operations. In the Pacific Northwest, there has been little tendency to adopt the uneven-aged management regimes (Emmingham, 1998) that are well known to European foresters (Matthews, 1989) and that have been described in American silviculture textbooks (Smith et al., 1997) . This raises the question: why not?
One important reason is that there is little experience with uneven-aged methods in the USA, and lack of a solid research foundation inhibits adoption of these methods. Most foresters, forestry professors and researchers in the Pacific Northwest have never seen a functioning uneven-aged forest, and are therefore unlikely to begin the long process of creating one. To my knowledge, there are no well-documented examples of successful uneven-aged practices being carried out over extended periods (50 years) in any Pacific Northwest forest type. There is widespread scepticism among foresters and forestry educators that individual tree or group selection systems would work in the Pacific Northwest's summer drought conditions or with species such as Douglas-fir and ponderosa pine. This scepticism is based partially on the perceived failure (Munger, 1950; Smith, 1972) of an early attempt by managers and researchers (Isaac, 1956 ) to use uneven-aged methods in coastal Douglas-fir forests. The resulting paradigm shift in the 1940s to even-aged management with clearcutting lasted over 50 years. Clearcutting was certainly appropriate for converting oldgrowth or over-mature forests to manageable plantations; however, that phase of Pacific Northwest forestry may now be over. Curtis (1998) suggested that the approach failed due to application in 'very old stands deteriorated after disturbance' and noted that the method is now being tested in younger, more flexible stands using modern harvesting methods.
In contrast with coastal Douglas-fir, in interior forests partial cutting methods were more accepted; however, they favour late-successional and more shade-tolerant species such as interior Douglas-fir and grand fir that are highly susceptible to defoliation, and prone to stand-destroying fires. A primary forest health goal is to restore pioneer species such as ponderosa pine and western larch to dominance. Thus, uneven-aged practices that would tend to favour more shadetolerant fir species are going out of favour, and both silviculture and prescribed fire are being advocated to promote stands of seral species (pine and larch).
Some investigations have contributed the basic information needed to implement long-rotation or uneven-aged methods. For example, Newton and Cole (1987) , Acker et al. (1998) , Bailey and Tappeiner (1998) and Miller and Emmingham (2001) used retrospective methods to quantify some aspects of growth and yield and the effect of thinning on forest structure and regeneration. A variety of thinning and silviculture studies initiated during the last decade (Hunter, 2001) could provide critical information needed for adapting uneven-aged practices to Pacific Northwest conditions. Long-term trials comparing even-and uneven-aged approaches in a variety of forest types are needed before managers can make choices based on sound information.
